ABSTRACT The leafhopper Carneocephala floridana Ball is a common inhabitant of the salt marshes of north Florida. Although C. floridana is not usually economically important, increased agriculture and residential development in coastal areas may result in this insect becoming a more common pest species. Carneocephala floridana, like other members of this genus, is a likely vector of PierceÕs disease of grapes. This study documents the yearly distribution of C. floridana among its most common native host plants. Although C. floridana was present during every month of the year, it reached its highest densities during the spring and summer months on mixed herbaceous plant communities. It also exhibited smaller population peaks on some monocultures of smooth cordgrass, Spartina alterniflora Loiseleur-Deslongchamps, during the winter months, but these increases were most likely the result of immigration. Adult leafhoppers migrate from mixed herbaceous plant communities during the winter months, when these plants experience a substantial dieback, to patches of S. alterniflora. Moreover, marked adult C. floridana showed a greater tendency to disperse from monocultures of S. alterniflora compared with mixed herbaceous communities during the spring. This is consistent with previous studies, which indicate that this leafhopper tends to feed and oviposit on herbaceous plant species during the spring and summer months, a period when these plants exhibit vigorous growth.
THE LEAFHOPPER Carneocephala floridana Ball is a common inhabitant of FloridaÕs salt marshes (Rossi and Strong 1990) . Although C. floridana is not usually economically important (Mead 1965) , it does belong to an economically important subfamily (Cicadellinae) (Rossi and Strong 1990) . All members of this subfamily that have been tested are vectors of PierceÕs disease in grapes and alfalfa (Purcell 1985) and, speciÞcally, several species within the genus Carneocephala appear to be some of the most effective vectors of PierceÕs disease (Rossi and Strong 1990) . In addition, both laboratory and Þeld studies have demonstrated that C. floridana densities increase in response to elevated levels of host-plant nitrogen (Rossi and Strong 1991, Rossi et al. 1996) , a situation often encountered in agricultural lands located near coastal areas.
As human populations in Florida continue to increase and residential and agricultural development expand to coastal or near-coastal regions, Carneocephala spp. may become pests of crop and pasture lands. This effect may be compounded by C. floridanaÕs ability to detect, and preferentially feed on, plants of higher nutritive quality, generally resulting from fertilization of lawns, golf courses, and crops which runs off into surrounding native habitats (Rossi and Strong 1991, Rossi et al. 1996) . In experimental plots, fertilized patches of two of C. floridanaÕs primary host plants, Borrichia frutescens (L.) de Candolle and Spartina alterniflora Loiseleur-Deslongchamps, supported two to six times more C. floridana than neighboring nonfertilized control plots (Rossi 1991 , Rossi and Strong 1991 , Rossi et al. 1996 . Furthermore, laboratory experiments revealed that C. floridana can detect and prefer to feed on even lightly-fertilized S. alterniflora, which did not differ signiÞcantly in foliar nitrogen content compared with nonfertilized plants (Rossi and Strong 1991) . This suggests that C. floridana is sensitive to even small changes in the nutritional quality of its hosts.
Despite the potential importance of C. floridana as a vector of PierceÕs disease, little information exists concerning its seasonal distribution among its host plants. In fact, other than recent experimental work (Rossi and Strong 1990, 1991; Rossi et al. 1994 Rossi et al. , 1996 , the extent of published information on this species is limited to a handful of insect surveys and taxonomic descriptions (Ball 1927 , Nottingham 1932 , Fattig 1955 , Mead 1965 , Hamilton 1985 . The goal of the current study was to assess the temporal distribution of C. floridana among patches of its main host plants in the salt marshes of north Florida.
Materials and Methods
Study Sites. Sampling sites included Mud Pond and Smith Island at Oyster Bay, and Goose Creek in the St. MarkÕs Wildlife Refuge, Wakulla County, FL. All of these sites are Ϸ30 Ð 40 km southeast of Tallahassee, FL. Mud Pond is a back marsh tidal pond and its vegetation largely consists of a monoculture of smooth cordgrass, S. alterniflora. Smith Island is one of the largest islands in Oyster Bay and is Ϸ2.5 km from the mainland. Both Smith Island and Goose Creek have large salt barrens that are surrounded by mixed vegetation as well as large, mostly pure, stands of S. alterniflora. These sites are typical of salt marshes along FloridaÕs northeastern Gulf coast. Smooth cordgrass is the dominant species of the lower intertidal zone and along the tidal creeks or pools of the eastern and Gulf coasts of the United States (Penfound and Hathaway 1938) . Above the mean high tide level, S. alterniflora is replaced by needlerush, Juncus romerianus Scheele. In areas located well above the mean high tide level, often characterized by high soil salinity, which results in the formation of salt barrens, is a zone dominated largely by the grass, Distichlis spicata (L.) Greene, and/or various herbaceous species especially Batis maritima L., Borrichia frutescens L. and Salicornia virginica L. (Kruczynski et al. 1978, Bell and Taylor 1982) . For a review of the distribution and abundance of vegetation in Apalachee Bay (which includes Oyster Bay) see Throckmorton (1989) and references therein.
Field Sampling and Effects of Host Plant Community Composition. The density of C. floridana at Goose Creek, Mud Pond and at two areas along the major salt barren of Smith Island were assessed by sweep netting from the winter of 1988 through the fall of 1989 at Ϸ1-mo intervals. Because this leafhopper switches host plants throughout the year, leafhopper density was sampled in plots that were predominantly occupied by each of C. floridanaÕs primary host plants: B. frutescens, D. spicata, S. virginica or S. alterniflora. In addition, insect densities were sampled in plots that contained a mixed plant population in which none of C. floridanaÕs hosts were dominant members of the plant community. Each plot was marked in the center with a polyvinylchloride (PVC) stake. Because these are highly mobile insects, sampling consisted of ten sweeps with an insect net along the upper surface of the vegetation. The number of leafhoppers collected in each sweep was recorded and an average number of C. floridana per sweep (relative abundance) was calculated for each plot.
During November, the vegetation in each plot was determined using a point-grid sampling method. The point-grid-sampling device consisted of a 10-m 2 wooden frame with grooves in the frame spaced at 1-m intervals. Heavy twine was stretched through the grooves and looped through the corresponding groove on the opposite site of the frame. This resulted in a criss-crossing matrix of twine, consisting of nine perpendicularly crossing strings and 81 points where the twine intersected. The grid was centered over each plot using the PVC stake as a reference point and the plant species present at each intersecting point in the grid was recorded. To assess the accuracy of the sampling procedure and determine how variable a plot was for the various plant species, the grid was moved Ϸ0.33 m in two randomly chosen cardinal directions and the plant species present at the intersecting points were again recorded. The plots were designated according to their dominant plant species (Ͼ33% composition by any one species).
During monthly censuses, a minimum of 25 male and 25 female C. floridana were haphazardly collected from the Þeld, placed on ice and returned to the laboratory. The leafhoppers were individually placed in 1.5-ml Eppendorf tubes, with holes punched in the lids, and freeze-dried for 72 h at Ð55ЊC and Ͻ40 millitorr. After drying, the mass (mg) of each insect was determined using a microbalance.
Mark-Recapture Experiment. Previous results (Rossi and Strong 1990 , Rossi and Strong 1991 , Rossi et al. 1995 suggested that C. floridana utilizes the grass species, S. alterniflora (and to a lesser extent D. spicata) as a primary winter host, but switches to exploit herbaceous species, especially B. frutescens, S. virginica and B. maritima, during the rest of the year.
Thus, it seems reasonable that C. floridana should show a greater tendency to disperse from monocultures of S. alterniflora than from mixed communities of the two herbaceous species, B. frutescens and S. virginica, during the late winter and early spring.
To assess the dispersal tendencies of C. floridana, a replicated mark-recapture experiment was performed at Mud Pond (S. alterniflora monoculture) and at Goose Creek (mixed herbaceous community) during the late winter/early spring (FebruaryÐMarch). Forty (7.6 by 12.7 cm) yellow sticky traps were placed in a cross pattern, which was oriented along the four cardinal compass directions. Ten traps were placed along each of the four directional transects at one m intervals from the center of the cross.
One thousand adult C. floridana, collected from a remote marsh (Ϸ5Ð10 km from the study sites) that contained all Þve plant species used by the leafhopper, were used in the mark-recapture experiment (500 for each release). The leafhoppers were aspirated into 50-ml centrifuge tubes and liberally dusted using an atomizer Þlled with a UV ßuorescent powder. Preliminary results indicated that the powder had no effect on survivorship of C. floridana. Survivorship after 4 d was 84% for leafhoppers dusted with ßuorescent powder and 87% for control leafhoppers ( 2 Ͻ 0.1, P Ͼ 0.9, N ϭ 55) (The Þeld experiment only lasted for 3 d). The yellow sticky traps were collected and brought back to the laboratory every 24 h for a total of 3 d. The traps were examined using a stereomicroscope (6ϫ magniÞcation) Þtted with a UV ring light. Marked leafhoppers ßuoresced brightly and were easily distinguished from nonmarked endemic insects. The number of leaf- hoppers captured at each distance was recorded for each day and each habitat (mixed vegetation versus S. alterniflora monoculture). This experiment was replicated a second time at two sites on Smith Island and, after the second replicate, the total number of C. floridana for both replicates were pooled by habitat, day and distance and analyzed using a chi-square test for independence of distance moved, given the plant community in which the insects were released. Due to low sample size, leafhopper counts were pooled into one category for insects caught on traps Ն5 m from the point of release.
Results

Field Sampling and Effects of Host Plant Community Composition.
Carneocephala floridana was abundant at both mainland and island sites. The leafhopper reached peak densities at both island locations and one mainland site (Goose Creek) during the early springÐ summer (Figs. 1Ð2) . Generally, C. floridana attained its highest densities at sites whose vegetation consisted primarily of B. frutescens, S. virginica, or a relatively even mixture of the leafhopperÕs four main host plants (Figs. 1Ð2; Tables 1Ð2 ). The grass species (D. spicata and S. alterniflora) did not support a signiÞcant proportion of C. floridana until the winter months when leafhopper densities fell to their lowest levels on the herbaceous species (B. frutescens, B. maritima and S. virginica). During this same period, densities of C. floridana fell much less on the mixed plots and those dominated by the two grass species; in fact, leafhopper abundance peaked during the winter at Mud Pond, a site that is essentially a monoculture of S. alterniflora (Table 2) . Results of the monthly sampling, along with life cycle data (Rossi and Strong 1990 , Rossi 1991 , Rossi et al. 1994 , suggest that C. floridana is at least bivoltine with overlapping generations in north Florida.
Adults reached their largest body size during the late spring and early summer, when population densities were at there highest for all plots with the exception of those at Mud Pond (Fig. 3) . Adult body mass generally reached its lowest levels during the fall/winter, when plot densities were at their lowest levels and the host plants (especially the herbaceous species) experience a dieback. However, females showed a smaller peak in body mass during SeptemberÐNovember, which may correspond to an increase in host quality of S. alterniflora as it translocates nutrients during fall ßowering. Not surprisingly, females, which are larger than males, were also much more variable for body mass.
Mark-Recapture. Carneocephala floridana showed a greater tendency to disperse from monocultures of S. alterniflora compared with plant communities consisting of mixed herbaceous species during the early spring (Figs. 4 Ð5) . After the Þrst day, leafhoppers moved signiÞcantly farther from the point of release (origin) in monocultures of S. alterniflora (Fig. 4) compared with mixed herbaceous stands (Fig. 5 ) (mean distance moved was 2.5 and 1.7 m, respectively; 2 ϭ 21.71, df ϭ 4, P Ͻ .005; sample sizes, i.e., number of marked leafhoppers captured for the pooled replicates were N ϭ 305 and 172 for insects released in Spartina versus mixed vegetation, respectively). Leafhoppers continued to disperse from the origin and by the second day the mean distance moved for S. alterniflora and mixed herbaceous stands was 4.6 and 2.9 m, respectively ( 2 ϭ 14.32, df ϭ 4, P Ͻ .01; samples sizes were N ϭ 41 and 77 for insects released in Spartina and mixed vegetation, respectively). No statistical tests were performed on data collected from the third day because sample sizes were too small (N ϭ 7 and 10 for leafhoppers released in Spartina and mixed vegetation, respectively). No marked leafhoppers were collected from traps in one replicate monoculture of S. alterniflora on the third day, presumably because they had dispersed beyond the range of the traps (i.e., Ͼ10 m from the origin).
Discussion
Carneocephala floridana was collected throughout the year in mixed communities of herbaceous plants consisting primarily of B. frutescens, B. maritima and S. virginica. In these mixed herbaceous communities C. floridana exhibited three major population pulses in the spring and summer. Conversely, it was present on the two grass species, D. spicata and S. alterniflora, primarily during the winter months.
Female body mass (and its reproductive correlates) exhibits a positive relationship with fecundity for many insect species (Scriber and Slansky 1981, Honȇ k 1993) . Temporal trends in adult body mass (and probably fecundity) are generally consistent with seasonal patterns of leafhopper abundance. The winter peaks of C. floridana on monocultures of S. alterniflora, especially at Mud Pond, are most likely the result of immigration from surrounding herbaceous vegetation as it dies back during the cooler winter months.
Additionally, results from the mark-recapture experiment suggest that S. alterniflora is a less-suitable host for C. floridana during the late winter/early spring. During this period, leafhoppers dispersed at a signiÞcantly greater rate from monocultures of S. alterniflora than they did from mixed herbaceous patches. This result is consistent with the growth pattern of the herbaceous species, which typically produce young, vigorously growing shoots and provide high quality food resources for C. floridana during the spring and summer.
Although C. floridana is usually not economically important, it is occasionally a pest of turf/pasture grasses and it is probably a vector of PierceÕs Disease (Mead 1965) . Eggs of this leafhopper are attacked by two species of Gonatocerus and levels of parasitism can reach 30 Ð 40% (Rossi et al. 1994) . Carneocephala floridana may become a pest species as human agricultural and residential development continues to encroach on coastal areas. The current studies, along with previous work (Rossi and Strong 1990, 1991; Rossi 1991; Rossi et al. 1994) , suggest that two egg parasitoids, Gonatocerus spp., may be viable natural control agents. Moreover, mass rearings and release of these parasitoids should be most effective during the spring/early summer months, particularly if the releases are initiated in mixed herbaceous plant communities. 
